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The high prevalence of myopia among schoolchildren
is an epidemic concern in Asia, especially in the Far East
(Taiwan, Japan, Korea, Hong Kong, China). In Taiwan,
the prevalence of myopia and high myopia (over −6.0
D) among schoolchildren aged from 7 to 12 years has
increased [1]. In addition, the age at which myopia first
develops has become younger in recent years. Myopia
is the main public health problem in schoolchildren in
Taiwan [2]. However, the role that the environment
plays in the risk of myopia remains unclear. It has been
well known that mountain aboriginals in Taiwan have
good vision with an extremely low level of myopia [3].
However, with increased usage of the Internet, televi-
sion and personal computers, the prevalence of myopia
in schoolchildren appears to have changed.
Medical resources in rural southern Taiwan moun-
tain villages are relatively inadequate. The refractive
status of schoolchildren has not been routinely sur-
veyed. Uncorrected refractive error can influence
academic performance. Such a visual problem is pre-
ventable, but if it progresses too far, it can become
irreversible. This type of problem is far more prevalent
in children who are short of eye care providers [4]. In
this study, we surveyed the refraction status in south-
ern Taiwan mountain aboriginal schoolchildren.
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Myopia is an epidemic health problem in Taiwan’s schoolchildren. The prevalence of myopia has
been increasing yearly, and the average age at which myopia develops has also become younger.
Due to insufficient eye care in remote areas, the refractive status of aboriginal schoolchildren has
not been well established. In 2005 and 2006, under the sponsorship of the Bureau of Health
Promotion, we surveyed the ocular refraction of aboriginal schoolchildren in southern Taiwan
mountain townships. From five primary schools in two townships, 371 children aged from 7 to 13
years of age were enrolled in our study. Refractive status under cycloplegia and subjective visual
acuity were obtained. The crude prevalence of myopia (< −0.25 diopter [D]) was 25.6%. Although
the prevalence increased with age, the annual change in mean refractive status was slower in the
schoolchildren of mountain aborigines. The spherical equivalents of 93% of children were within
±1 D. The highest myopia was only −2.50 D. Seven children (1.82%) were refractive amblyopic,
for which high hyperopia, astigmatism or anisometropia were the main causes. As aboriginal
children were noted to be more myopic in this study than in the past, better eye care should be
implemented in these remote areas.
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METHODS
Sampling methods
Five primary schools of five villages in Kaohsiung
County were enrolled in a study of schoolchildren’s
ocular refraction. They were Min-Tzu, Min-Chuan and
Min-Sheng primary schools in San-Min Township, and
Mao-Lin and Do-Na primary schools in Mao-Lin
Township. The two townships are located in the moun-
tain areas of southern Taiwan, where aboriginal popu-
lations represent a majority. In San-Min Township, most
of the population belongs to the Bunun tribe, whereas
in Mao-Lin Township, most belong to the Rukai tribe.
All of the children’s parents or guardians gave consent
for a cycloplegic refraction examination before our visit.
Examination
Cycloplegic refractive status was measured using 
an autorefractometer and rechecked by retinoscope.
Cycloplegia was induced with three successive drops
of 1% tropicamide (1% Mydriacyl; Alcon Laboratories
Inc., Fort Worth, TX, USA) at 5-minute intervals. 
The measuring procedure commenced 30 minutes
subsequent to the final instillation. The subjective
best-corrected visual acuity (BCVA) was also obtained.
Data analysis
The mean spherical equivalent (SE) of refractive status
was used for calculation. In every participant, we
chose the higher refractive error between the two
eyes for the database, in constructing the distribution
of refraction status and providing an estimate of the
prevalence of myopia. Emmetropia was defined as a
mean SE ranging from −0.25 D to +0.25 D. Myopia
was defined as a mean SE of less than −0.25 D in
either eye. High myopia was defined as a mean SE
equal to or less than −6.0 D. High hyperopia was
defined as a mean SE equal to or more than + 3.0 D.
Astigmatism was assessed based on power of cylinder.
Amblyopia was defined as BCVA equal to or below 0.8.
RESULTS
A total of 383 children (271 from schools in San-Min
Township and 112 from schools in Mao-Lin Township)
were enrolled in this study. All children attending
school were enrolled except for those who were absent
from school when we went there for the study. The
parents or guardians of 371 children gave consent for
cycloplegic refraction, including 182 boys and 189
girls. The age distribution was from 7 to 13 years.
The crude prevalence of myopia in these aborig-
inal children was 25.6% (Table 1). The age-specific
prevalence of myopia increased with age from 9.4%
at the age of 7 to 45.8% at the age of 13 (Table 1). The
prevalence of myopia was not significantly different
between boys (25.3%) and girls (25.9%) (χ2 test, p =
0.49) (Table 2). The prevalence of myopia between
children from the two townships was significantly
different: 29.2% in San-Min vs. 17.1% in Mao-Lin 
(χ2 test, p = 0.014) (Table 2).
The lowest minus SE was −2.50 D, while the high-
est plus SE was + 8.25 D (Figure 1). In right and left
eyes, 93.5% and 93.3% of SEs, respectively, fell within
±1 D. The distribution of SEs for both eyes was close
to a bell-shaped normal distribution with its peak at
emmetropia.
The refractive status shifted toward myopia from
age 7 to 13. The shift of SE to myopia was very slow;
however, the difference was significantly different
between the ages of 7 and 13 (ANOVA, p < 0.05, both
Table 1. Prevalence of myopia in each age group (criteria of myopia, mean spherical equivalent < −0.25 D and < −0.5 D)
< −0.25 D < −0.5 D
Age (yr) n
Myopia (n) Prevalence (%) Myopia (n) Prevalence (%)
7 53 5 9.4 4 7.5
8 57 9 15.8 4 7.0
9 66 16 24.2 8 12.1
10 55 19 34.5 14 25.5
11 55 14 25.5 9 16.4
12 61 21 34.4 14 23.0
13 24 11 45.8 9 37.5
Total 371 95 25.6 62 16.7
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eyes) (Figure 2). The mean SE of the more myopic
eyes progressed from hyperopia to myopia after the
age of 11 (Figure 3).
Astigmatism was not significantly noted in these
aboriginal children. As determined by an autorefrac-
tometer, 31.59% of the children had no astigmatism,
and 23% had an astigmatism of only 0.25 D. Close to
90% had an astigmatism ≤ 0.75 D. The highest astig-
matism was 3.75 D (Table 3).
The prevalence of amblyopia caused by refractive
errors was 1.82% of all children. In these seven children
with amblyopia, three had high hyperopia (>+3.0D),
one of whom had anisometropia, and four had high
astigmatism (>+2.0D) (Table 4). These children were
followed-up and treated either in the local health cen-
ter or eye clinics in the vicinity of nearby towns.
DISCUSSION
Myopia is the commonest type of refractive error in
schoolchildren of Taiwan [5]. It is generally believed
that myopia is more of a problem in urban areas where
academically rigorous classes and higher educational
pressure are present [6]. Short reading distance and
increased near-work activity are contributing factors
[4,7]. The refractive status of Taiwanese mountain
aboriginals has not been well documented.
Our result is compatible with a recent national
survey of Taiwan, in which the crude prevalence of
myopia in primary schoolchildren of aboriginals was
around 27% [1]. In contrast to the 40–50% crude
prevalence of myopia in primary schoolchildren in
the large cities of Taipei and Kaohsiung, mountain
aboriginals are less bothered by this visual problem.
The propensity to acquire myopia may be due to
both environmental and genetic predispositions.
The crude prevalence of mountain aboriginal pri-
mary schoolchildren, around 26%, was close to that of
Taiwan primary schoolchildren. However, the preva-
lence of myopia varies with its definition. If an SE
lower than −0.5D is defined as myopia, the prevalence
is much smaller than if it is defined as lower than 
−0.25D. In this study, if we define −0.5D as myopia, the
crude prevalence of the myopic primary schoolchild-
ren of mountain aboriginals drops to 16.7%. Of the
myopic eyes in our study, the lowest minus SE was
only −2.25D. Most SEs were located within ±1D in
both eyes. Although the prevalence of myopia was
unexpectedly high, the severity was mild.
The progression of myopia with years in moun-
tain aboriginal schoolchildren is slower than that in
Table 2. Prevalence of myopia subdivided by gender and township (San-Min and Mao-Lin)
San-Min* Mao-Lin* Total
Boy† 29.1 ± 7.7% (39/134) 14.6 ± 10.0% (7/48) 25.3 ± 6.3% (46/182)
Girl† 29.4 ± 8.0% (37/126) 19.0 ± 9.7% (12/63) 25.9 ± 6.3% (49/189)
Total 29.2 ± 5.5% (76/260) 17.1 ± 7.0% (19/111) 25.6 ± 4.4% (95/371)
*San-Min vs. Mao-Lin, χ2 test < 0.05; †girl vs. boy, χ2 test > 0.05.
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Figure 1. Spherical equivalent (SE) distributions of the right and left eyes. od = right eye; os = left eye.
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urban schoolchildren. In our study, the prevalence of
myopia at the age of 7 was 9.4%, which was lower
than that of a Taiwan nationwide survey in 2000 (20%)
[6]. However, the prevalence of myopia at the age of
12 was much lower than that in urban areas (34.4% vs.
61%) [6]. The age of myopic shifting was also later in
mountain aboriginal children (11 vs. 8 years old) [6].
The prevalence and severity of myopia, both in
urban and mountain areas, have been noted to have
progressed in the past few decades [1]. The crude
prevalence of myopia (25.6%) in this study was much
higher than that (2.4%) determined by a previous study
in 1983 [3]. This study was conducted in a similar
mountain aboriginal tribe (Paiwan tribe of Pin-Tung
County) in an area further south than that in the pres-
ent study. The causes for such change require more
study. The popularity of television, easy access to the
Internet or computer games and higher academic
pressure could be contributing factors.
The high prevalence of myopia in Taiwan could
be attributed to its early onset [8]. It was found that
the myopic shift in hyperopic schoolchildren is much
slower than that in myopic children of the same age
[9], and that the rate of myopia progression is fastest
between 6 and 10 years of age [6,10]. To prevent the
development of high myopia, it is important to delay
the initiation of myopia and decelerate myopia pro-
gression in schoolchildren.
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Figure 3. Mean refractive status by age. od= right eye; os= left eye.
Table 3. Cumulative statistics of astigmatism
Cylinder n % Cumulative %
0 121 31.59 31.59
0.25 88 22.98 54.57
0.5 100 26.11 80.68
0.75 34 8.88 89.56
1 20 5.22 94.78
1.25 3 0.78 95.56
1.5 6 1.57 97.13
1.75 4 1.04 98.17
2 1 0.26 98.43
2.25 1 0.26 98.69
2.5 1 0.26 98.96
2.75 2 0.52 99.48
3 1 0.26 99.74
3.75 1 0.26 100.00
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Figure 2. Spherical equivalent (SE) distributions in both eyes by age. Each box extends from the 25th to the 75th percentile of the age-
specific distribution, the interquartile range, with the bar inside representing the median. Whiskers extend to the lower and upper
extremes, with the 25th percentile defined as minus 1.5 times the interquartile range and the 75th percentile plus 1.5 times the
interquartile range. od = right eye; os = left eye.
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In schoolchildren with visual impairment, refrac-
tive error is the most frequent cause and astigmatism is
the principle one causing subnormal vision [11]. Our
study showed (similar to data in 1995 and 2000 in
Taiwan [12]) that almost 50% (54.57%) of schoolchild-
ren have astigmatism <0.5D. Other factors causing
amblyopia were high hyperopia (>+3.0D) and trauma.
These causes of amblyopia could be preventable and
curable if diagnosed earlier. Nevertheless, early vision
screening and treatment are not an easy task in these
mountain areas compared with urban areas.
In this study, schoolchildren in mountain aboriginal
areas were noted to be more myopic than before. The
prevalence of myopia is close to the average in Taiwan
schoolchildren. Nevertheless the degree of myopia is
not as severe. The risk factors resulting in these
changes remain to be elucidated.
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Table 4. Causes of amblyopia in children*
Age (yr) Sex Eye Causes
Refractive error (D)
RE LE
SE
7 Male ou High hyperopia 8 8.5
9 Female ou Hyperopia 3.25 2.25
13 Male os High hyperopia 6.25
Cylinder
8 Male os Astigmatism & trauma −2.25
10 Female ou Astigmatism −3.75 −2.25
11 Female os Astigmatism −2.75
13 Female od Astigmatism −2.75
*Prevalence of amblyopia = 1.82%. D = diopter; RE = right eye; LE = left eye; SE = spherical equivalent; ou = both eyes; os = left eye; 
od = right eye.
Kaohsiung J Med Sci March 2008 • Vol 24 • No 3 125
 !"VS==R==OP=
 !"VS==NM=NN=
 !"#$%&'
 !"!#$ %&'
 UMT !"#$NMM
 !"#$%&'()*+,-
 
N
= = 
OIP
= = 
N
= = 
Q
 
O
= = 
PIR
 !"!#$ %= =
N
= =
R
 !"
O
 !"#$%= =
P
 !"!= = !
Q
 !"#$%= = 
 !"#$%&'#()*+,-./0&123456789:;<=>?@
 !"#$%$&'()*+,-./0123 456789:; <=>?
 !"#$%&'()=OMMR==OMMS= !"#$%&'()*+,-
 !"#$%&'()*+,-./01234+567)89:=PTN= 
=T==NP= !"#$%&'()*+,-./0123456789:
 !"#$%&'()=ORKSB !"#$%&'()*#$%+,-./
 !"#$%&'()*+,VPB= !"#$%&'(=N= !"#
 !"#$%&'OKRM= !"#$%=ENKUVBF= !"#$%&'#$
 !"#$%&'()*+,-./0123456789:;<=>?,-
 !"#$%&'()*+,-./'012)3!456789:;*<=

  !"#!$%&!'(
E !=OMMUXOQWNOMRF
